Nanoparticles up-regulate tumor necrosis factor-alpha and CXCL8 via reactive oxygen species and mitogen-activated protein kinase activation.
Evaluating the toxicity of nanoparticles is an integral aspect of basic and applied sciences, because imaging applications using traditional organic fluorophores are limited by properties such as photobleaching, spectral overlaps, and operational difficulties. This study investigated the toxicity of nanoparticles and their biological mechanisms. We found that nanoparticles, quantum dots (QDs), considerably activated the production of tumor necrosis factor (TNF)-alpha and CXC-chemokine ligand (CXCL) 8 through reactive oxygen species (ROS)- and mitogen-activated protein kinases (MAPKs)-dependent mechanisms in human primary monocytes. Nanoparticles elicited a robust activation of intracellular ROS, phosphorylation of p47phox, and nicotinamide adenine dinucleotide phosphate oxidase activities. Blockade of ROS generation with antioxidants significantly abrogated the QD-mediated TNF-alpha and CXCL8 expression in monocytes. The induced ROS generation subsequently led to the activation of MAPKs, which were crucial for mRNA and protein expression of TNF-alpha and CXCL8. Furthermore, confocal and electron microscopy analyses showed that internalized QDs were trapped in cytoplasmic vesicles and compartmentalized inside lysosomes. Finally, several repeated intravenous injections of QDs caused an increase in neutrophil infiltration in the lung tissues in vivo. These results provide novel insights into the QD-mediated chemokine induction and inflammatory toxic responses in vitro and in vivo.